Soil salinity, both natural and acquired, is a growing problem that reduces crop yields.
Abbreviations: Electrical conductivity-EC; Total organic carbon-TOC; Sodium adsorption ratio-SAR; Ammonia oxidizing archaea-AOA; Ammonia oxidizing bacteria-AOB Page 2 of 33
INTRODUCTION
Areas of naturally occurring soil salinity are expanding and causing crop yields to decline. However, there is conflicting evidence based on salt-amended soils in laboratory studies and naturally occurring salinity in field studies on the response of soil microorganisms to salts (McClung and Frankenberger, 1987) . Therefore, a field experiment was necessary to determine how soil enzyme activities and quantities of nitrifier and denitrifier organisms respond to salinity and alternative management practices designed to reduce salts in the rooting zone.
Soil salinization can be an inherent or acquired soil property, which negatively impact crop growth and the environment, resulting in over US $27.3 billion losses annually (Qadir et al. Nitrogen is a limiting nutrient in soils and is supplied through the addition of fertilizers.
Nitrate is a result of nitrification, which is performed by a narrow group of nitrifying ammonia oxidizing archaea (AOA) and bacteria (AOB) through the ammonium oxidation enzyme, Where suitable water for leaching is unavailable, alternative management practices, such as reducing evaporation and limiting capillary rise of saline groundwater to reduce salt accumulation in the rooting zone will need to be utilized. We hypothesized that if alternative management practices are successful in reducing soil salinity then soil microbial processes will increase. In order to accomplish this, the objective of the study was to relate N-transforming enzyme activity levels as well as the quantity of nitrifying and denitrifying bacteria to alternative management practices and soil salinity levels in naturally occurring saline soils. to Cl -salts between 0.18 to 2.5.
MATERIALS AND METHODS

Experimental design
The experiment was a randomized complete block design with a split-split-plot arrangement in time with three replicates. Figure 1 shows a schematic of one repetition and treatments (tile drainage, gypsum amendment, and cover crop mixes) in place during the study period (2013) (2014) (2015) . The whole plots consisted of tile-drained and non-tile-drained treatments to lower the water table and reduce capillary rise of saline groundwater and upward deposition of salts. Tile (10.2 cm diameter, nylon sleeved) was installed in the fall of 2012 to a depth of 1.2 m.
At the onset of the experiment in 2013, all plots were normalized by growing wheat (Triticum aestivum, variety Mayville). Baseline soil samples were collected after wheat harvest in August of 2013 from each 24 x 24 m plot. 
The subplots consisted of 5 treatments that included: 1) a no cover crop no chemical remediation control, 2) a one-time application of 4 Mg gypsum ha -1 to reduce the risk of sodification and swelling/dispersion of clays, 3) low diversity cover crop mix, 4) medium diversity cover crop mix, and 5) high diversity cover crop mix. The cover crop mixtures, ranging from 4 to 8 species are listed in Table 1 . The gypsum and the three cover crop mixes were applied and seeded in the fall of 2013. In the spring of 2014, the control and gypsum amended plots were planted to soybean (Glycine max L., variety Asgrow 00932). Due to winter kill, the full season cover crops were seeded again in the spring of 2014. The soybeans were harvested in the fall at which time the cover crop plots were terminated using a crimper roller. In 2015, the cover crop plots were further split into thirds with 2/3 of the plots being planted to cover crops and the remaining 1/3 planted to wheat. Further splitting the plots in this way enables comparison of the effects of control, gypsum amendment, one year of full season cover crops, and two years of full season cover crops on soil properties. On the basis of the experimental design, a total of 8 treatment combinations were tested (control, gypsum, and 1 and 2 years of low, medium, and high diversity cover crop mixes). Prior to the experiment, the soil was managed under reduced tillage, but was managed as no-till starting in 2013 for the duration of the study. Wheat plots received an application 22.4 kg-N ha -1 as urea, which was applied by hand in 2013 and 2015 while the cover crop plots did not receive any fertilizer. Weeds were controlled by herbicides in the wheat and soybeans and by hand in the cover crop plots.
Soil sampling
Geo-referenced areas offset by 6 m from the installed tile drainage lines or from the plot center in non-tile-drained plots were established to collect soils. Three soil samples were composited from each plot from a 0-30 cm depth using an AMS Dutch auger (7.6 cm diameter, 
Soil chemical analysis
Extracts from the saturated paste method (Rhodes, 1996) 
Determination of soil enzyme activity
To determine whether N transformations improved with soil salinity reduction, measurement of nitrification and denitrification enzyme activities were performed on field moist soil samples. The first and rate-limiting step to nitrification is regulated by the enzyme ammonia monooxygenase produced by ammonia oxidizing bacteria and archaea and its activity was determined as described by Berg and Rosswall (1985) . Nitrate reductase, the enzyme that converts NO 3 -to NO 2 -and is produced by denitrifying bacteria, activity was used to measure the The normalized qPCR data was then converted back to gene copies using the dilution factor for each sample. Quantitative PCR was performed using the PikoReal system (Thermo Scientific, Wilmington, DE, USA) using primers designed to amplify genes important to nitrification and denitrification.
The amoA gene encodes for ammonia monooxygenase, and is the first and rate limiting Genomic DNA isolated from standard curve organismal controls and soil samples were run in triplicate.
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Statistical analysis
Repeated measures analysis of variance (ANOVA) for a split-split plot and mean separation using Tukey's procedure were carried out using Proc Glimmix in SAS 9.4 (SAS Institute Inc., Cary, NC, USA) to determine the main effects (drainage, treatment, sample year)
and their interaction on soil chemical variables, enzyme activities, AOA, AOB, and nosZ genes.
Tile drainage and treatment (i.e., alternative management practices) were considered fixed factors. In addition, sample year was also considered fixed as the samples were collected as a part of an ongoing study. Simple linear regression was performed using Prog Reg in SAS as a means to integrate the variance among treatments and years to determine the relationship between N transforming soil enzymes, AOA, AOB, and nosZ gene copy numbers and salinity.
Significance was accessed at p<0.05.
RESULTS
Soil chemical properties
Across all treatments and years, soil EC values ranged from <1 to 12.0 dS m -1 , and on average soil EC significantly decreased from 6.98 dS m -1 in 2013 to 4.53 dS m -1 in 2015 (p<0.0001) ( Table 2 ). Tile drainage, gypsum amendment, and cover crops did not have an effect on soil salinity. Soil pH steadily increased from 7.93 to 8.2 as the study progressed (p<0.001).
Additionally, pH was affected by the interaction of drainage and treatment, increasing from 7.92 to 8.21 in undrained soils and from 7.94 to 8.20 in drained soils (p=0.019) ( Table 2 ). There were statistical differences in soil pH based on treatment (p=0.009) where soil pH was significantly lower where medium diversity cover crops were grown for 2 years (pH=7.94) than where gypsum was applied and low diversity cover crops were grown for 1 and 2 years respectively (pH= 8.09). However, the effects of treatment on pH were small in magnitude and are not (Table 2 ). There were no significant effects of tile drainage on nitrate reductase activity (p=0.769). Both ammonium oxidation and nitrate reductase enzyme activities were not affected by gypsum or cover crop treatments (p=0.256 and 0.785, respectively).
Quantity of AOA, AOB and nosZ genes
Sampling year had a significant effect on the quantity of AOA (p=0.0004), AOB (p=0.0004), and nosZ (p=0.015) genes ( 
copy numbers were highest in 2014, but unlike AOB, nosZ genes were significantly lower in 2013 ( Table 2 ).
The effect of the control, gypsum, and cover crop treatments was only significant for the quantity of AOA genes (p=0.004) and not AOB (p=0.1046) or nosZ (p=0.1532). Where the medium diversity cover crops were grown for 1 year, AOA gene copies were greatest (1.43 x10 5 g -1 dry soil) ( Table 3 ). The interaction of tile drainage and sampling year had a significant effect on AOB gene copies (p=0.0003) only. Where tile drainage was not installed, AOB copies showed a slight decline from 3.46 x10 6 g -1 dry soil in 2013 to 2.51 x10 6 g -1 dry soil in 2015.
Where tile drainage was installed there was a significant increase in AOB gene copies between 2013 and 2014 of 1.84 x10 6 g -1 dry soil, but numbers significantly decline again in 2015 (Fig. 2) .
Soil salinity effects on enzymes and gene copies
Soil salinity had a small, but negative effect on ammonium oxidation enzyme activity (Fig. 3 ) whereas nitrate reductase (Fig. 4) was not effected by salinity as assessed by simple linear regression. Additionally, there was no relationship between AOA and salinity (r 2 =0.0052, p=0.3946), but there was a weak relationship between AOB and salinity (r 2 =0.0284, p=0.0451) (Fig. 5) . There was no relationship between nosZ gene copies and salinity (r 2 =0.0132, p=0.1732) (Fig. 6 ).
DISCUSSION
Soil chemical properties
Although there was a reduction in salinity over three years, sensitive crops may continue to do poorly. Additional care must be taken during salinity reduction to safeguard against soil 
Management effects on N-transforming organisms
The enzyme activities and quantity of N-transforming genes showed little affinity to drainage, gypsum, or cover crop treatments. Dose et al. (2015) found a decrease in ammonium oxidation and nitrate reductase enzyme activity when gypsum was amended to a sodic soil.
However, sodic soils do not have an excess of salts. In the case of Dose et al. (2015) , the application of gypsum caused soil salinity levels to rise and a concurrent decrease in enzyme activities was observed. In contrast, because the soils in the present study are naturally saline, a reduction in enzymatic activity due to the application of gypsum would not have caused a significant increase in soil EC with no effect on N-transforming enzyme activities. 
Salinity effects on microbial processes
Our results are in contrast to the notion that salinity reduces soil enzyme activities. We did not find a significant relationship between enzyme activities and quantification of Ntransforming genes. Three possible mechanisms will be discussed to provide support for our results. We postulate that the lack of response of N-cycling enzyme activities to salinity includes a) the presence of naturally-occurring salt, b) niche separation of organisms producing these Ncycling enzymes, and c) the mixture of salts present with an emphasis on SO 4 2-based salts. The lack of a decline in N-cycling enzyme activities or N-transforming genes with increasing salinity can also be attributed to the separate but overlapping niches of nitrifying bacteria and archaea and denitrifying bacteria. Overall, in this study the quantity of AOB were 
